OBJECTIVES: Despite the known adverse effects of sleep deprivation on recovery from illness, studies have shown that sleep deprivation remains an incompletely addressed problem among acutely ill inpatients. Behavioral interventions are recommended as first-line therapy prior to using pharmacologic therapy due to the side effects of sedative hypnotics. The objective of this systematic review was to identify non-pharmacologic interventions that have been used to improve sleep quality and quantity of non-intensive care unit (ICU) inpatients. DATA SOURCES: PubMed, Embase, Web of Science, CINAHL, and Cochrane Library through January 2013; manual searches of reference lists.
INTRODUCTION
Adequate levels of sleep are needed in both health and illness. Sleep deprivation is known to have multiple harmful physiological effects, including a decline in immune function, memory, wound healing, vitality and strength, along with increased insulin resistance, pain perception and mortality. It increases our risk of illness and slows our recovery from illness. [1] [2] [3] [4] [5] [6] [7] [8] [9] There is also evidence that hospitalization is a risk factor for insomnia that remains for months or years after discharge. 10, 11 Despite these adverse effects on health and recovery, a number of studies have shown that sleep deprivation remains an incompletely addressed problem among acutely ill patients admitted to hospitals. 12 A study of 100 hospitalized patients in a Canadian general or family practice ward showed that their level of sleep quality was not only worse than that of nonhospitalized US adults, but also comparable to non-hospitalized US insomniacs. 13 A larger study performed at three British hospitals demonstrated that though 65 % of the patients reported sleeping well at home most of the time, 63 % of general medical ward patients, 79 % of surgical patients, and 57 % of acute psychiatric ward patients reported difficulty sleeping through the night at the hospital. 14 Not only are patients deprived of sleep when hospitalized, but they also may suffer adverse health outcomes or impaired recovery as a result. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] In a prospective trial of elderly patients in a Japanese geriatric hospital, it was demonstrated that the 2-year survival for patients who suffered from nighttime insomnia and sleep onset delay was significantly decreased as compared to the survival of normal sleepers, even when age, gender, and their activity of daily living were accounted for. 16 Sedative hypnotics are prescribed by a large majority of providers on an as needed basis, and utilized by 31-88 % of hospitalized patients. 17 Yet, a recent meta-analysis and other studies show that adverse events, including cognitive events JGIM Electronic supplementary material The online version of this article (doi:10.1007/s11606-013-2640-9) contains supplementary material, which is available to authorized users. such as memory loss, confusion, and disorientation; psychomotor-type events, such as reports of dizziness, loss of balance, or falls; and reports of daytime fatigue were all more common with sedative use in elderly patients with insomnia as compared to placebo. 22, 23 Studies aiming to pinpoint the major causes of sleep deprivation among hospitalized patients have implicated both personal and external factors. Personal factors include pain, discomfort, needing to use the toilet, and anxiety. 14, 18, 19 External factors include noise, medication timing, and lighting. 14, 18, 24 It is unclear to what degree improving sleep among hospitalized patients improves outcomes. It is currently recommended that one first start with non-pharmacologic therapies for patients in whom insomnia is a concern before initiating pharmacologic therapy. 20, 21, 25, 26 The objective of this systematic review was to identify non-pharmacologic interventions that have been used to improve sleep in nonintensive care unit (ICU) inpatients, and their effects on sleep quantity and quality.
METHODS

Data Sources and Searches
Studies were identified through January 2013 using the following databases: PubMed, Embase, Web of Science, CINAHL, and Cochrane Library. The four main concepts searched within each library were sleep, insomnia, inpatient, and adult. Each of these concepts was expanded in a manner to ensure that the vocabulary was appropriate for the database and that the searches were as uniform as possible between databases (Figure A-1, available online). Relevant references were also checked manually.
Study Selection
Two reviewers independently performed a title/abstract review. Studies were included if they were clinical trials that used a non-pharmacologic intervention to improve sleep in non-critically ill inpatients. If these criteria were unclear based on title and abstract review, they were included for full paper review. Any conflicts were discussed until a consensus was reached (Fig. 1) .
Both reviewers independently performed a full paper review of all included studies. Studies were further screened at this stage and included if they met the aforementioned criteria, were in English, directly measured nighttime sleep quantity or quality, and used a study design that included a comparison group (Fig. 1) . Measures of sleep quantity include polysomnography, actigraphy, self-report, or observer report. Measures of sleep quality include self-report scales.
Data Extraction and Quality Assessment
We created a detailed set of evidence tables containing all information abstracted from eligible studies by two independent reviewers. We assessed the risk of bias independently and in duplicate; conflicts were resolved by consensus. To assess the risk of bias, we used similar but separate criteria for randomized controlled trials and nonrandomized trials, based on guidance from the Agency for Healthcare Research and Quality (AHRQ) Methods Guide and Cochrane's Effective Practice and Organization of Care (EPOC) reviews. 27, 28 For randomized controlled trials (RCTs), we emphasized four major and four minor criteria that we deemed important for a behavioral intervention (Table 1 ). To be rated as low risk of bias, a trial had to satisfy a minimum of three major and three minor criteria.
For nonrandomized studies we created an algorithm adapted from the Cochrane EPOC reviews and AHRQ Methods Guide that assessed risk of bias in the following domains: representativeness of study population, selection of the comparison group, comparability of cohorts, blinded outcome assessment, completeness of follow-up, adequate description of intervention, reporting bias, and other potential sources of bias ( Figure A-2 , available online). The criteria were organized in a way to set a higher bar for nonrandomized studies to obtain a low risk of bias than for randomized trials. For example, if any of the seven major criteria, such as single blinding or description of withdrawals and dropouts, were not met, the study was rated as high risk of bias. If all seven major criteria were met, but any of the four minor criteria were not met, the study was rated as medium risk of bias. If all major and minor criteria were met, the study was rated as low risk of bias. Risk of bias was qualitatively averaged across studies to obtain an overall risk of bias for the group of studies within a domain of interventions.
Two reviewers graded the strength of evidence of each outcome for each of the intervention domains using the grading scheme recommended by AHRQ. 29 In assigning evidence grades, we considered the four domains of risk of bias, directness of measures, consistency of results, and precision ( Figure A-3 , available online). We classified evidence into four categories: 1) "High" grade (indicating high confidence that the evidence reflects the true effect, and further research is very unlikely to change our confidence in the estimate of the effect); 2) "Moderate" grade (indicating moderate confidence that the evidence reflects the true effect, and further research may change our confidence in the estimate of the effect and may change the estimate); 3) "Low" grade (indicating low confidence that the evidence reflects the true effect, and further research is likely to change our confidence in the estimate of the effect and is likely to change the estimate); and 4) "Insufficient" grade (evidence is unavailable or inadequate to draw a higher grade). 29 Consistency was assessed by comparing the general direction of effect. In assessing directness, self-report surveys were considered direct measures of sleep quality. Both actigraphy and polysomnography were considered direct measures of sleep quantity; all other outcomes were considered indirect. Due to the paucity of studies, we did not perform meta-analysis. We defined precision as at least 51 % of the studies in a group having significant results with the same overall direction of effect.
Data Synthesis
To estimate the direction and magnitude of difference between treatment and control groups, we calculated relative percent difference scores. This was calculated by dividing the end-line (post-intervention) differences between the intervention and control groups by the end-line value of the control group. We were unable to account for baseline differences, since many studies did not report baseline data. We also calculated standardized mean differences (effect sizes) using the Hedge's g method for studies that provided enough information for the calculation.
RESULTS
Study Characteristics
Our search identified 13 studies (Table 2) utilizing four different study designs: randomized controlled trials, nonrandomized trials with a concurrent control group, nonrandomized trials with a prospectively obtained historical control group, and pre-intervention-post-intervention trials, in which outcomes were recorded prior to and after intervention implementation within the same group.
Three general types of interventions were used. Relaxation techniques included massage, some type of sound such as music or white noise, aromatherapy, warm drink, or some combination of these modalities. A second type attempted to reduce interruptions to sleep by creating a quiet time at night or helping an individual improve sleep hygiene. These two study types were largely conducted in the United States or Europe. A third type was the exposure to artificial bright light therapy during the day to improve sleep at night. These studies were all conducted in Japan. All of these interventions were conducted among medical, psychiatric, or surgical patients.
Three self-reported sleep quality scales were used (Table 3) .
Relaxation Techniques
Four RCTs evaluated sleep quality using varying relaxation techniques, showed 0 to 28 % improvement in sleep quality overall. Lareau et al. 30 randomized 70 patients to a usual care control versus nighttime intervention consisting of decreased noise and light, room temperature adjustment, minimizing unnecessary interruptions, clustering of nursing activities, relaxation techniques, and personal hygiene. In the intervention arm, sleep quality improved by 7 % (ns). The number of sleep medications used decreased from 2.2 in the control group to 1.6 in the intervention group (p=0.04). Soden et al. 31 randomized 42 cancer patients on hospice units to three arms: combined aromatherapy and massage once weekly for 4 weeks, massage only, or usual care. There were no differences between the groups over the study period; however, the massage groups slept better on the night of the massage (p = 0.02). The magnitude of improvement was not discernible. Toth et al. 32 randomized 30 patients on a general medical ward to audiotape guided imagery for 20 min twice daily or a solitary activity of choice twice daily over a 2-day period. There were no differences between the groups. Zimmerman et al. 33 randomized 96 post-coronary artery bypass grafting (CABG) patients to 30 min of music headphones, a soothing music video, or a 30-min rest period. The Richards Campbell Sleep Questionnaire (RCSQ) score was 28 % improved in the music video group compared to the control on the third postoperative day (p<0.05).
Four nonrandomized studies found a 10-38 % improvement in sleep quality using relaxation techniques. Williamson et al. 34 systematically assigned every other of 60 post-CABG surgery patients to usual care or a soft white noise, such as ocean sounds, that played throughout the night. They reported a 38 % improvement in RCSQ scores as compared to the control group (p=0.002). McDowell et al. 35 assessed 111 patients admitted to a medical ward who had difficulty sleeping during at least one night of their hospitalization. They were offered their choice of all or portions of a three-part intervention consisting of a five-min back massage, herbal tea or milk, and relaxation tapes that played classical music or nature sounds. Patients who declined all parts of the intervention were treated as the control group. Thus, this formed a usual care control group. Sleep quality was assessed by patients' self-rating of their sleep as poor, fair, or good. The Spearman's correlation of sleep quality with receipt of no parts of the protocol was 0.19 (p<0.05), while that with receipt of two to three parts of the protocol was 0.64 (p<0.001).
Smith et al. 36 compared 20 patients admitted to an oncology ward for chemotherapy or radiation with 21 historical controls. Those who received a massage for 15-30 min three times during the week reported a 20 % improvement in the Verran Snyder Halpern (VSH) sleep score compared with attention control (p value not reported). Connell et al. 37 identified patients on general wards who were having difficulty sleeping during the first week, and applied Roman Camomile oil on the patient's pillow during the second week. Total sleep time increased by 10 % (36 min) per night during the intervention period (p=0.004).
In summary, there is low strength of evidence that studies of relaxation techniques improve sleep quality or quantity. This is based on overall medium risk of bias, consistent results, directness of measures, and imprecise results (Table A-1, available online).
Sleep Hygiene or Reduced Sleep Interruption Programs
Bartick et al. 38 compared a comprehensive reduced disturbance protocol among 106 patients on a general medical-surgical unit with 161 historical controls. Participants enrolled in the first • Was the method of randomization described in the paper? To answer "yes" for this question, the trials had to give some description of the randomization procedure.
• Was allocation concealed?
• Was intent-to-treat analysis used?
To answer "yes" for this question, the trial must impute non-completer or other missing data, and it must do this from the original number randomized.
• Did the trial evaluate the credibility, and if so, was it comparable? If the trial did not evaluate credibility, or if it evaluated credibility but did not find it comparable, then we did not give the trial a point.
*
We assigned two points each to the major criteria, weighting them more in assessing risk of bias. We assigned one point each to the minor criteria. Studies could therefore receive a total of 12 points. If studies met a minimum of three questions from major and three from minor (9-12 points), we assigned it a grade of "low risk of bias." For studies ranging from six to eight points, we assigned a "medium risk of bias," and for studies scoring five points or less, we assigned a "high risk of bias." The VSH sleep scale was administered each morning. However, 75 % of the patients felt too ill to use the modified VSH scale, making this data unusable. As-needed sedative use decreased by 49 % during the intervention period (p=0.004). Edinger et al. 39 assigned 321 patients on three psychiatric wards to a sleep hygeine protocol or usual care. The intervention consisted of eliminating daytime napping and standardizing sleep and wake-up times. Total sleep time increased by 5 % (18 min) during the intervention as compared to usual care; significance testing was not reported.
In summary, there is insufficient strength of evidence that sleep hygiene or reduced sleep interruption programs improve sleep quantity or quality. This is based on high risk of bias, consistent results, directness of measures, and imprecise results (Table A- 
Daytime Bright Light Therapy
Mishima et al. 40 exposed 24 elderly patients (14 with dementia) in a psychiatric hospital to 3,000-5,000 lux of artificial light from 9 am to 11 am daily for 4 weeks. Average total sleep time increased by 18 % (60 min) during the intervention in the demented patients (p<0.01), and remained significantly increased in these patients postintervention (p<0.01). Wakamura et al. 41 exposed seven patients on a chest disease ward to 3000 lux of artificial light between 10 am and 3 pm each day for 1 week. Average total sleep time was increased by 7 % (27 min; p=0.05). Yamadera et al. 42 exposed 27 Alzheimer's disease patients to 3000 lux of bright light between 9 am and 11 am daily for 4 weeks. Wrist actigraphy was performed for 1 week prior to and during the last week of the intervention period. The percentage of nighttime spent sleeping increased by 5 % (p<0.05), while the number of awakenings decreased (p<0.01) during the intervention period.
For these studies, there is low strength of evidence that daytime bright light therapy improves the sleep quantity of hospitalized patients. This is based on overall high risk of bias, consistency of results, directness of measures, and precise results (Table A-3, available online) .
DISCUSSION
Although non-pharmacologic therapies are recommended as first-line therapies, 20, 21, 25, 26 our review shows that very little work has been done in this area, and little evidence exists to guide clinicians on how to help hospitalized patients get restful sleep.
The relaxation techniques we reviewed used a variety of therapies including massage, music, and aromatherapy, and seemed to have a modest effect. 33, 34 Insomnia can be a consequence of acute stress, and is felt to be associated with sympathetic nervous system activation. [43] [44] [45] The creation of a resting state that helps to deactivate it could explain why some of these relaxation techniques may have an effect. [46] [47] [48] Additionally, it may be that hospital noise is a sleep disturbance and that some form of soothing noise, as implemented in several of these studies, masks these disruptive noises.
It would seem that reducing interruptions to sleep and improving one's sleep hygiene should result in observably improved sleep quality and quantity. However, we did not see any evidence for this due to the paucity of studies, differences in the degree to which interruptions were reduced, as well as lack of adherence to the reduced interruption protocol, which was often not recorded or reported. The two studies in this domain were also rated as having high risk of bias.
The underlying rationale for bright light therapy appears to be regularization of one's circadian rhythms. 49 Since light can be a barrier to sleep, it may help one to avoid naps during the daytime, thereby facilitating sleep at night. Indeed, many patient rooms can be seen to have their blinds pulled down during the day, which may impair sleep at night. Therefore, further research regarding daytime bright light therapy, as well as variations involving keeping blinds open for certain time periods, may be important to helping patients sleep better.
Our review was limited in its ability to assess for publication bias due to the small number of studies. However, our conclusions are of insufficient to low strength of evidence, and unlikely to promote an intervention based on publication bias. Although it is fairly common to ignore baseline values in the calculation of effect sizes, the relative percent change estimates did not account for baseline differences, due to a number of studies not providing information on baseline values. For the studies that did provide baseline values, we calculated a relative percent difference in the difference-inchange estimate between the intervention and control groups, and compared them with just the relative percent change post-intervention. We did not find significant differences that would have changed our conclusions. The types and dose of interventions, length of follow-up, as well as populations studied, were all heterogeneous. This may make it more difficult to draw conclusions, or may dilute effect sizes. However, it provides a synthesis of the current state of knowledge on interventions to improve sleep in the inpatient setting. Some may have prioritized different areas in their assessment of risk of bias. However, we paid attention to many details that we feel are relevant for the assessment of risk of bias in a behavioral intervention, followed existing guidelines, and set a higher bar for nonrandomized studies. Future research could be helped by several considerations. First, to better study this, we need to create an optimal standardized inpatient sleep protocol that minimizes interruptions to sleep. During the entry of routine orders, physicians often do not consider whether an order may interrupt a patient at night. Even if the physician is cognizant of this issue, due to the nature of computerized order entry, it can be time-consuming to enter orders such that vital signs, medications, and other manipulations are not done during sleeping hours unless absolutely necessary. However, computerized order entry may also make it easier to protocolize reduced nighttime interruptions. Future research should develop such protocols. However, these protocols need to evaluate the degree to which they are successful in not disturbing patients without compromising patient care.
Second, circadian rhythms and homeostatic sleep drive are important regulators of sleep, and are heavily influenced by exposure to light. Understanding the degree to which we disturb these rhythms in the inpatient setting by alterations in exposure to light, noise, and activity can assist with designing appropriate interventions that facilitate sleep.
Third, various relaxation therapies have been explored individually and/or in combination with others. It is currently unclear what type of therapy is optimal, to what degree it helps sleep, and which patients it is most likely to help.
Fourth, studies have generally been categorized as medium to high risk of bias. Whenever possible, studies should use appropriate randomization, allocation concealment, and objective measures of sleep quality and quantity. Studies should blind those assessing outcomes and strive to minimize attrition.
Fifth, in what subgroups are non-pharmacologic therapies not effective, and how can we better define the threshold at which we should consider pharmacologic therapies? Answers to these questions would help guide clinicians to reduce the burden of sleep deprivation in their patients.
